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Clinical Article 



Modic Degenerative Marrow Changes in the Thoracic 
Spine : A Single Center Experience 

Jae Meen Lee, M.D., 1 Kyoung Hyup Nam, M.D., 1 In Sook Lee, M.D., 2 Se Kyung Park, M.D., 2 Byung Kwan Choi, M.D., 1 In Ho Han, M.D. 1 

Departments of Neurosurgery, 1 Radiology, 2 Medical Research Institute, Pusan National University Hospital, Busan, Korea 

Objective : The purposes of this study were to evaluate the prevalence, types, and locations of Modic changes (MCs) in the thoracic spine in a large 
number of subjects, and to investigate the relation between the distributions of MCs and disc herniations (DHs) in the thoracic spine. 
Methods : Two experienced musculoskeletal radiologists assessed the presence of MCs and DHs by consensus in the thoracic MRIs of 144 pa- 
tients with non-specific back pain. Patient ages ranged from 22 to 88 years (mean=53.3±14.66 years), and 72 were female (50%). The preva- 
lence, distribution, relation of MCs and DHs was recorded. 

Results : MC was observed in 8 of the 144 patients (5.6%) and 10 of 1728 segments (0.58%). The most common MC was type II. Of the 8 pa- 
tients exhibiting MC, 6 had type II (75.0%), and 2 had mixed MCs (type l/ll or type ll/lll). MCs were distributed mainly at the mid-thoracic level (from 
T5/6 to T9/1 0). DH was detected in 1 8 patients (1 2.5%), 36 of 1 728 segments (2.1 %). Of the 1 0 segments exhibiting MC, 5 had DHs at the same 
level (50.0%). Accordingly, DH was strongly associated with MC (p=0.000). 

Conclusion : A low prevalence of MC was observed in the thoracic spine, and type II MC predominated. The low prevalence of MC in the thoracic 
spine suggests that it was caused by a relative lack of mobility as compared with the cervical and lumbar spines. And DHs were found to be strong- 
ly associated with MCs even in the thoracic spine. 

Keywords : Prevalence • Modic change • Thoracic spine • Disc herniation. 



INTRODUCTION 

Modic changes (MCs) are signal intensity changes of verte- 
bral bone marrow adjacent to the endplates of degenerated in- 
tervertebral discs on magnetic resonance images (MRI). Modic 
et al. 13) first classified MCs into three types based on MRI find- 
ings and histological correlations. Modic type I changes (low SI 
on T1W images and high SI on T2W images) are associated 
with vascularized granulation tissue within subchondral bone, 
and indicate an ongoing active degenerative process. Modic 
type II changes (high SI on T1W and T2W images) reflect fatty 
replacement of adjacent marrow, and type III changes (low SI 
on T1W and T2W images) are believed to be associated with 
subchondral bone sclerosis on plain radiographs. In recent 
years, MCs have been extensively used to identify the causes of 
non-specific low back pain (LBP) 2,5,6,8) , and in particular, Modic 
type I change has been reported to be associated with LBP 1117) . 

Although MCs are more common in the lumbar spine, they 



are also found in the cervical and thoracic spine 4,10,15) . However, 
the majority of studies have focused on MCs of the lumbar 
spine, and more recently, on MCs of the cervical spine, and lit- 
tle information is available on the prevalence of MCs in thorac- 
ic spine. In fact, only one study conducted on 40 patients has 
described MCs in the thoracic spine 4) . Therefore, the present 
study was undertaken to evaluate further the prevalence, types, 
and locations of MCs in the thoracic spine in a large number of 
subjects, and to investigate the relation between the distribu- 
tions of MCs and disc herniations (DHs) in the thoracic spine. 

MATERIALS AND METHODS 

We retrospectively reviewed the records of 542 consecutive 
patients who underwent MRI of the thoracic spine at our hos- 
pital from January 2007 to December 201 1. The study inclusion 
criteria were an age greater than 20 years, the receipt of thoracic 
MRI for the evaluation of a non-specific upper back pain at one 



• Received : January 1 7, 201 3 • Revised : May 22, 201 3 • Accepted : July 1 7, 201 3 

• Address for reprints : In Ho Han, M.D. 

Department of Neurosurgery, Pusan National University Hospital, 1 79 Gudeok-ro, Seo-gu, Busan 602-739, Korea 
Tel : +82-51 -240-7257, Fax : +82-51 -244-0282, E-mail : farlateral@hanmail.net 

•This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.0rg/licenses/by-nc/3.0) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 



34 



Modic Degenerative Marrow Changes in the Thoracic Spine JM Lee, et al. 



imaging center using the same MRI equipment (Magnetom 
Avanto 1.5 T; Siemens Medical Solutions, Erlangen, Germany). 
The exclusion criteria included the presence of a pathologic 
condition other than degenerative disc disease (spinal infection, 
tumor, recent fracture or dislocation, intervening surgery, con- 
genital block vertebrae, and scoliosis with a curvature of >15°). 

Of the 542 patients, 144 fulfilled the inclusion criteria. Ages 
ranged from 22 to 88 years (mean±SD, 53.3± 14.66 years). Sev- 
enty-two patients were female (50%). Thoracic MR images were 
retrospectively and independently analyzed by two experienced 
radiologists about the presence or absence of MCs and DHs. 
Thoracic segments ranged from Tl/2 to T12/L1. Therefore, 
1728 thoracic segment in 144 patients were evaluated. The type 
of MC was determined using the Modic classification 1 ^. DHs 
included both disc protrusion and extrusion, but excluded 
bulging. The ages and sexes of patients with MCs, and the prev- 
alence, types, and distributions of MCs were recorded. In addi- 
tion, the prevalence and distributions of DHs was recorded and 
relations between locations of MCs and DHs were explored us- 
ing the chi-square test (SPSS version 12.0 for Windows; SPSS 
Inc., Chicago, IL, USA). Statistical significance was accepted for 
p values <0.05. 

RESULTS 

MC was observed in 8 of the 144 patients (5.6%) and in 10 of 
1728 segments (0.58%). One patient had marrow changes in 
three segmental levels. The 8 patients 
included 3 men and 5 women of overall 
average age 66.8 years (range, 54-80 
years). The most common MC detected 
was type II. Of the 8 patients with MC, 
6 had type II (75.0%) and 2 had mixed 
modic lesions (type I/II or type II/III) 
(Fig. 1). No patient exhibited a typical 
type I or III marrow change (Table 1). 
Of the 1728 motion segments evaluated, 
10 segments showed MC (0.58%), and 
all 10 were of type 2 (0.06%). MCs were 
located mainly at the mid-thoracic level 
(from T5/6 to T9/10) (Fig. 2). 

DHs were detected in 18 (12.5%) of the 
144 patients and 36 (2.1%) of the 1728 
segments. Of these 18 patients, 7 (38.9%) 
had a DH at more than one level, and 1 1 
men and 7 women of overall average age 
61.2 years (range, 43-80 years) were af- 
fected. The most commonly affected 
segments were T8/9 (n=8 DHs) and 
T9/10 (n=7 DHs). Of the 10 segments 
exhibiting MC, 5 had DH at the same 
level (50.0%) (Fig. 3, Table 2). Accord- 
ingly, DHs were found to be strongly as- 



sociated with MCs (p= 0.000). The prevalence of patients with 
MC and DH at the same level was 3.5% (5 of the 144 patients). 

DISCUSSION 

The prevalence of MC in patients with a degenerative disc 
disease of the lumbar spine ranges has been reported to range 
from 19 to S9% l3,l7,l9,20) . Two recent studies on MC in cervical 
spine reported prevalence of 16% and 40.4%, respectively, which 
are similar to values for the lumbar spine 1015) . In the present 




Fig. 1. Thoracic MRI of a 73-year-old man with mixed type Modic 
change (type l/ll) at T9-1 0. A : Sagittal T1 -weighted image revealing high 
signal intensity of the lower endplate of T9 and low signal intensity of 
the upper endplate of T10. B : Sagittal T2-weighted image showing high 
signal intensity of both endplates at T9-1 0. 
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Fig. 2. Distribution of modic changes and disc herniations in the thoracic spine. MC : Modic change, 
DH : disc herniation. 

Table 1 . Demographics of patients with thoracic Modic changes 
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study, the overall prevalence of MCs in the thoracic spine was 
relatively low at 5.6% in our 144 patients. Girard et al. 4) only de- 
scribed the MCs of the thoracic spine in total 40 patients and 
they also reported a low prevalence of 2.5%. Although the etiol- 
ogy of MCs is unknown, biomechanical factors are believed to 
be primarily responsible. In particular, biomechanical stress or 
instability could induce morphological changes, such as, micro- 
fractures or structural disorganization, in bone marrow adjacent 
to intervertebral discs 9) , which implies that the cervical and 
lumbar spines are more likely to be affected due to their wider 
ranges of motion. On the other hand, the rib cage decreases seg- 
mental motion in the thoracic spine and protects it from bio- 
mechanical stresses" 0 . Therefore, the low prevalence of MC in 
thoracic spine observed in the present study could be due to a 
relative lack of mobility. 

In the present study, type II MC was most common in the 
thoracic spine, and accounted for 75% of MCs. In addition, two 
mixed type MCs were observed, namely, types I/II and II/III. 
This result is quite different from that of the previous report, in 
which only one type I MC was observed" 0 . The majority studies 
about MCs in lumbar spine have reported type II is most com- 
mon, and that it may account for up to 80% 1,7,13,16,20) . In the cervi- 
cal spine, Mann et al. 10) also found that the most common type 
was type II. On the other hand, others have reported that type I is 
more common than type II in the lumbar and cervical spine 7,15) . 
However, few type I MCs remain stable and most convert to 
type II over several years 8,1 1} , which suggests that type I repre- 
sents an active process. In contrast, type II MCs may not alter 
with time. Due to a lack of mobility of thoracic segments, MC 




Fig. 3. Thoracic MRI of an 80-year-old woman exhibiting a type II Modic 
change and disc herniation atT8-9. 



Table 2. The prevalence of Modic changes and disc herniations in the thoracic spine 



Modic change 



Disc herniation 



Pt. No. (%) 
Segments No. (%) 
Age (years) 
Sex(M/F) 
Distribution 



8/144 (5.6) 
10/1728 (0.58) 
66.8±9.9 (54-80) 
3/5 
T5-T10 



18/144 (12.5) 
36/1728 (1.97) 
61.2±9.8 (43-80) 
11/7 
T7-10 



MC : Modic change, DH : disc herniation 



progression is not common in the thoracic spine. Furthermore, 
the present study was performed on a larger population than 
the previous study, and thus, our finding that type II is the most 
common type in the thoracic spine is probably more accurate. 

MCs most commonly occur at L4/5 and L5/S1 in lumbar 
spine 8,13,20) , whereas in the cervical spine, C5/6 and C6/7 are 
most affected 10,15) . These levels also represent the most mobile 
segments and commonly exhibit disc bulges or herniations. Gi- 
rard et al. 4) reported that the most commonly affected sites were 
T7-10 and Tll-12, whereas we found that MCs were occurred 
mainly at mid-thoracic levels (T5-T10) and that did not distrib- 
ute in any focal segment unlike cervical or lumbar spine. Al- 
though segmental motion of thoracic spine is less than that of 
other spinal regions, there is a slight difference of segmental 
motions according thoracic levels. Fujimori et al. 3) is an in vivo 
3-dimensional study reported that axial rotations of thoracic seg- 
ments are significantly larger for middle segments (T6-T1 1) than 
upper or lower segments. This may be due to the stabilizing effect 
of the rib cage. Furthermore, scapulars help stabilize upper tho- 
racic segments and at thoracolumbar junctions, axial rotation 
may also restricted by sagittalization of the facet joint 14) . There- 
fore, the segments found to exhibit MC in the thoracic spine 
appear to be concordant with segments with larger axial rota- 
tions. Consequently, like MCs in the cervical and lumbar 
spines, MCs in the thoracic spine may be associated with seg- 
ment mobility. 

MC is associated with degenerative disc diseases and com- 
monly co-occurs in lumbar segments with DH 1,7,13,20) . Signal in- 
tensity changes (MCs) in vertebral body marrow adjacent to the 
endplates of degenerated disks are a common observation on 
MR images and appear to take three main forms 12) . On the other 
hands, herniated disks in the craniocaudal (vertical) direction 
through a break in the vertebral body endplate are reffered to as 
intravertebral herniations (Schmorl node). Most Schmorl node 
probably form after axial loading trauma, with preferential ex- 
trusion of nuclear material through the vertebral endplate rath- 
er than an intact and normal annulus fibrosis 12) . Degenerative 
marrow changes can occur surrounding the Schmorl node and 
expecially, type I MCs have been described surrounding the 
acute Schmorl node 18) . 

In the present study, DH was detected in 18 patients (12.5%) 
and 34 segments (2.1%). Furthermore, the prevalence of DH in 
the thoracic spine was also found to be lower than in the cervical 
or lumbar spines, and DHs mainly occurred at T7-T1 1, which is 
concordant with greater segment mo- 
bility. Actually, DH accompanied MC 
in 50% of segments exhibiting MC. 
This finding suggests that DH is strong- 
ly associated with MC, even in the tho- 
racic spine. 

During recent years, MCs have been 
investigated as a cause of non-specific 
LBP 2 ' 5 ' M) , and type I MC has been 



MCwithDH 



3/8 (37.5) 
5/10 (50.0) 
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shown to be associated with LBP 11,17) . Toyone et al. 17) reported 
that 73% of patients with type I MC had significant LBP, where- 
as only 11% of patients with type II MC had LBP. Mitra et aL n) 
concluded that LBP improves after type I progresses to type II, 
and Braithwaite et al. 2) found that provocative discography in- 
creased LBP in patients with MC. In present study, we failed to 
find a correlation between MC and thoracic back pain because 
patients with nonspecific thoracic back pain were included, and 
no accurate diagnostic test, such as, provocative discography, 
was conducted. Furthermore, no patient in the present study 
exhibited typical type I MC, which is known to be strongly as- 
sociated with LBP. Therefore, MC may not be clinically signifi- 
cant as a cause of thoracic back pain, considering the rarity of 
type I MC in thoracic spine. 

In the present study, the prevalence of MC in the thoracic 
spine was low, and therefore, the statistical analysis was limited. 
Furthermore, MC in the thoracic spine may not be clinically sig- 
nificant. However, we believe that our study is meaningful, be- 
cause it describes the prevalence of MC in the thoracic spine in a 
large number of subjects, and describes for the first time the dis- 
tribution pattern of MCs and relations between MCs and DHs 
in thoracic spine and similarities between these relations and 
those between MCs and DHs in the cervical and lumbar spines. 

CONCLUSION 

In the present study, a low prevalence of MCs was observed 
in the thoracic spine with a type II predominance. The low 
prevalence of MC in the thoracic spine is suggested to be due to 
a relative lack of mobility Nevertheless, despite the comparative 
rigidities of thoracic segments, MCs in thoracic spine appear to 
affect the more mobile mid-thoracic segments, which concur 
with that observed in the cervical and lumbar spines. Further- 
more, DHs were found to be strongly associated with MC even 
in the thoracic spine. 
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